Objectives: This research sought to investigate the influence of being a in male-dominated occupation on suicide.
S
uicide is a gendered behaviour. In high-income areas of the world, the burden of male suicide is three to four times that of female suicide. 1 At the same time, females are much more likely to present to healthcare facilities after engaging in intentional self-harm. 2, 3 Explanations for these differences are based on variations in how men and women express suicidal intentions and behaviours. For example, males engage in more highly lethal means, such as hanging; while, females use methods such as drug overdose, which is less likely to result in death. 4 Gender is also an important influence on labour force participation and, among the employed population, choice of occupation. 5 Across countries, men are much more likely to be employed in male-dominated occupations, such as construction or higher levels of management. 6 Females are predominately employed in professions such as teaching, healthcare work or administration. 6 There are also differences in the working conditions people are exposed to in these jobs. A recent study from Australia shows that those working in male-dominated jobs tend to report higher levels of perceived job insecurity and job demands; while those in female-dominated jobs have reported lower fairness regarding pay equity and lower levels of job control. 7 Across all occupations, females are more likely to be employed parttime while men work full-time. 8 The gendered nature of an occupation may also influence behaviours related to mental health and suicide. A recent study has shown that males who are employed in male-dominated occupations (where there are a greater number of men employed comparative to women) are much less likely to seek help from a mental health professional, even after considering other individual and structural factors. 9 A past review has documented poor health and lifestyles, unsupportive workplace relationships, job overload and job demands as risk factors for mental health problems in male-dominated occupations. 10 Accompanying this, there is evidence that those employed in male-dominated occupations such as construction, forestry and agriculture have higher rates of suicide than the general employment population. 11, 12 Research has also consistently shown that females employed in traditionally maledominated occupations such as medicine have higher rates of suicide than other employed females. [13] [14] [15] Explanations for suicide in these male-dominated occupations have focused on exposure to psychosocial working conditions (explained above) 16 or background factors such as education and personality that may affect the selection of individuals into an occupation. 17 Past research has largely ignored the potential risks associated with female-dominated jobs (where there are a greater number of female employees comparative to men) such as nursing, where both men and women have elevated rates of suicide. [13] [14] [15] In this study, we seek to examine the influence of gendered occupational contexts on suicide at the population level using an objective exposure representing the ratio of males employed to females within an 
Method

Study design
We conducted a nationwide study of deaths by suicide between 2001 and 2015 in Australia. The study included all employed adults with a known occupation who were between 15 years and 74 years at the time of death.
Ascertainment of suicide deaths
We identified suicide cases using the National Coronial Information System (NCIS). The NCIS is an internet-based data storage and retrieval system that enables coroners, government agencies, and researchers to monitor external causes of death in Australia and to identify cases for further investigation and analysis. 
Adjustment variables
We adjusted for age group, year of death, gender and socioeconomic status (SES), which was based on the Index of Relative Socio-economic Disadvantage (IRSD) produced by the Australian Bureau of Statistics. 21 This data was available for the two census periods, 2006 and 2011, and extracted by age group, ANZSCO level 2, gender and postcode. Postcode level data was needed in order to use the IRSD, which is based on small area levels within Australia, and included items such as percentage of people with stated household equivalised income within a postcode, percentage of people aged 15 years and over whose highest level of education is Year 11 or lower, and percentage of occupied private dwellings paying rent less than $215 per week. As discussed below, we conducted a sensitivity analysis to explore the possible role of unmeasured common mental disorder on the relationship between the occupational gender ratio and suicide. 
Statistical analysis
Regression models
We compared rates of suicide by the occupational gender ratio four-level variable in negative binomial regression models. We used the 'female-dominated' group as the reference category. 
Adjusting for unmeasured confounding due to prior mental health problems
External adjustment was used to account for the possible influence of unmeasured mental illness in confounding this relationship using probabilistic sensitivity analysis. 24, 25 This approach allows the application of a variety of plausible probability distributions for bias parameters (i.e. unmeasured confounders), which are then used to simulate distributions for the bias-adjusted exposure-outcome relative risks. 26 This adjustment requires four pieces of information: 1) estimates (or counts Epidemiology Gendered occupational context and suicide in a 2*2 table) of the exposure/outcome relationship; 2) probability densities (based on prior estimates) of the unmeasured confounder in the non-exposed population (e.g. those in non-male-dominated occupations); 3) probability densities (based on prior estimates) of the unmeasured confounder in the exposed population (e.g. those in heavily male-dominated occupations) and; 4) probability densities (based on prior estimates) of the association between the unmeasured confounder and the outcome (suicide).
Data on 1) was established from the original data used in the study, while that required for 2) and 3) was drawn from the Household Income and Labour Dynamics (HILDA) survey. 27 Estimates for 2) and 3) represented the proportion of men and women reporting that they had sought mental treatment for depression in the past year (measured in 2013) by the occupational gender ratio variable. We estimated a priori probability distribution for the unmeasured confoundersuicide relationship, based on a study by Singhal et al., 28 as lognormal with confidence intervals of ln (5) and ln (15) . Analysis was conducted using the 'stata' package 'EPISENS' 26 through a two-stage procedure.
First, a random sample was drawn from the specified probability density function of the bias parameters. Second, back-calculated bias adjusted RR were calculated from drawn parameters. This procedure was repeated several times to obtain a distribution of the bias-adjusted RRs.
Ethics approval
The study was approved by the Justice Human Research Ethics Committee (reference, CF/15/13534) and the Human Ethics Advisory Group, School of Population and Global Health, University of Melbourne. Table 1 shows age-standardised rates of suicide by occupational gender ratio and gender. This shows that suicides rates were highest for women in occupations that were non-male-dominated (i.e. female-dominated) but the wider 95% confidence intervals mean that this difference is likely to be nonsignificant from women in gender neutral and male-dominated occupations. Suicide rates for males were lowest in non-male-dominated occupations but were markedly higher in the most male-dominated occupations.
Results
Results of the main effects negative binominal regression can be seen in Table 3 suggest effect modification on both the additive and multiplicative scale. However, the interaction is largely driven by the results of males, which increase markedly in moderately and heavily male-dominated occupations compared to males in non-maledominated occupations. Female suicide does not pattern by the occupational gender ratio variable to the same degree. However, as can be seen, there was a slightly lower risk for females in male-dominated occupations compared to those in female-dominated occupations. Interaction was apparent when measured on both the additive and multiplicative scale.
Results of the sensitivity analysis for mental illness suggested that the association between being in a moderate and heavily male-dominated occupation attenuated after adjusting for likely presence of depression. However, this was not enough to remove the association altogether. After adjustment, results for the moderately male-dominated occupation were a RR of 1.95 (95%CI 1.51 to 2.53), while results for the most heavily maledominated occupation was a RR 2.50 (95%CI 1.98 to 3.18). Results for women dropped out of significance.
Discussion
The findings of this paper suggest that males in male-dominated occupations had a significantly higher suicide rate compared to males in female-dominated occupations. There was a slightly elevated risk of suicide for women in female-dominated occupations compared to those in male-dominated occupations. Our results also indicate that the risks of male suicide in male-dominated occupations held after adjusting for socioeconomic status and the possible confounding influence of common mental 29 A major strength of the exposure is that it is completely objective from suicide cases, being drawn from national census data. Other strengths of our study include the use of the best available individual-level data on suicide and coverage across an entire national population over a 12-year period. We were able to control for major confounders influencing the relationship between exposure and outcome using probabilistic sensitivity analysis. At the same time, it is important to acknowledge the fact that this approach to assessing the possible contribution of mental health problems was relatively crude, being conducted based on aggregate data. Likewise, our assessment of socioeconomic status was based on area-level socioeconomic status and thus will not be as sensitive as individual level measures.
There may be a number of explanations for elevated suicide rates in male-dominated occupations. One explanation is connected to psychosocial (and other) job stressor exposures occurring within an occupation. Past research suggests that males in 'blue collar' (i.e. manual) occupations have greater exposure to job strain, defined as a combination of low job control and high job demands, 30 than those working in 'white collar' occupations. However, not all male-dominated high-risk occupations can be defined as blue collar (Table 1) ; i.e. chief executives, general managers and legislators are classified as moderately male-dominated. Because of this, we would argue that there must be other factors contributing to suicide risk in these jobs. These factors may include long working hours, high psychological demands and work-family imbalance, all of which have been associated with mental health problems in previous research. [31] [32] [33] Another occupational based risk factor may suggests that men in male-dominated occupations are also much less likely to seek treatment compared to non-male-dominated occupations. There is also research suggesting that males in male-dominated occupations are more likely to endorse male gender norms such as self-reliance 35 and stigma in relation to mental health problems, which have been shown to be risk factors for suicide. 36 Alcohol and drug use, which are recognised risk factors for suicide, are thought to be higher in many male-dominated occupations.
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It is also necessary to comment on the finding that females in female-dominated occupations had a slightly elevated risk of suicide compared to those in maledominated occupations. There has been much less attention paid to female suicide by occupation. 37 This is likely because the low base rate of female suicide obscures the ability to observe statistically large effects. The small amount of existing (Australian) research in the area has highlighted elevated rates in female-dominated occupations such as nursing. 15, 38 There are also elevated rates among some female doctors (general practitioners) [13] [14] [15] and this may explain the observed slightly elevated rates. There is a need for a greater amount of research on the experience of female suicidal behaviours across different occupation groups, particularly as the risks seem to be different to those that affect men. We would recommend more work on both the epidemiology and risk factors among employed females to help inform future prevention efforts.
Conclusion
In conclusion, it is apparent that the gender ratio of an occupation has varying gender-specific effects on suicide among the employed population. The greatest risk of suicide is for males in male-dominated occupations. Our results also suggest that females in female-dominated occupations had slightly elevated rates comparative to those in male-dominated occupations.
There is a need for more research on the mechanisms through which the gendered environment influences suicide, but we would suggest that gendered norms and attitudes towards suicide, mental health and help-seeking may be possible explanations. Prevention initiatives need to recognise the potential influence of gendered working environments on suicide.
